If /', s are nonzero integers and m is the largest squarefree divisor of rs, 'then for every element ; in the alternating group A", the equation z = xry' has a solution with x, y e A", provided that « > 5 and n > (5/2)logm.
1. Introduction. For a group G, a word W(xx,.. .,xk) in free variables xx,... ,xk is said to be (J-universal if G c W(G,... ,G), i.e., if for every g e G, there exist gx,...,gk g G such that g= W(gx,... ,gk). Let An denote the alternating group contained in the symmetric group S" on {1,... ,n}. For each pair of nonzero integers r, s, let m = m(r, s) denote the product of the distinct prime factors of rs. It is known [6, Theorem 1; 9] that the word xrys is A "-universal for all n > Am + 1. In Theorem 3, we show that the condition n ^ Am + 1 may be replaced by the condition n > (5/2)log m if n > 5, and even by the condition n > 2 log m if n > 29. Cases n < 29 are treated separately in Theorem 2. Theorem 1 is used to show that Theorem 2 is "best possible". In Theorem 3', we show that the bound 2 log m for n > 29 cannot be replaced by log m, even just for n > N0; however, 2 log m can be replaced by Clog m for any constant C > 8/5, provided that n 3s N0(C).
Statements of theorems.
Theorem 1. Let n, a, b be positive integers with n^l and a + b < 2[3n/A], where [x] denotes the integer part of x. If n = 0 or 1 (mod 4), let w be any product of2[n/A] disjoint 2-cycles in Sn, and ifn = 3 -e (mod 4) with e = 0 or 1, let w be any product of 2[n/A] -e disjoint 2-cycles with a disjoint (3 + e)-cycle in Sn. Then w does not equal a product of an a-cycle and a b-cycle in Sn.
Remark. Theorem 1 is best possible in the sense that, for each n, the symbol < cannot be replaced by < . Remark. Theorem 2 is best possible in the sense that, for each n, the symbol < cannot be replaced by ^ . To see this, first suppose that n = 3 or 4. Then x3^3 is a word with m = 3 = P"/2 which is not v4 "-universal, since the 3-cycle (123) does not have the form x3y3. Next suppose that n = 5, 6, 7, 10, or 15. Then x"'y"1 is a word with m = P"/l which is not A "-universal since x"' is trivial for all x e A". If n = 8 or 9, then x"]/'5yn'^5 is a word with m = P"/5 which is not ^"-universal since, by Theorem 1 with a = b = 5, (12)(34)(56)(78) is not the product of two 5-cycles. The values of n in the ranges 11-13, 16-28 may be handled similarly. For example, if n = 19, then xai/143y"l/143 is a word with m = P"/143 which is not A "-universal since, by Theorem 1, (12)(34)(56)(78)(9 10)(11 12)(13 14)(15 16)(17 18 19) is not the product of two 13-cycles nor two 11-cycles nor an 11-cycle times a 13-cycle. (Note that there is no element of order 143 in AX9.) Finally, suppose that n = 14. Then x>'\/2iyn\/2i -s a wor(j w¿in m = Pn/5 which is not ^"-universal, for it is known [4] that (12)(34)(56)(78)( 9 10)(11 12 13 14) is not the product of two elements of order 5 in Ax4. (It is stated incorrectly in [5, p. 39 ] that for n > 11, every element of An is the product of two elements of order 5.) Theorem 3. The word xrys is A"-universal for all n ^ (5/2)log m if n > 5. // n > 29, then xrys is A "-universal for all n > 2 log m.
Theorem
3'. Let C be any constant exceeding 8/5. For all n ^ N0(C), xrys is A "-universal whenever n > Clog m. On the other hand, it is not true that, for all n > A/q, every word xrys is A "-universal whenever n > log m.
3. Lemmas. Proof. Assume that xrys is not ^"-universal. In view of Lemma 7, the desired contradiction will be obtained if one can apply Lemma 5 or 6 to show that every element of A" is a product of two nontrivial words in A", each of order a power of 2. If n = 5, 6, or 7, apply Lemma 6 with v = 2, A, or 4, respectively. Thus assume that n > 8. Define the integer c by n/2 < 2' < n, and choose the largest integer d such that 2' + 2d < n. This proves the first part of Theorem 3'. Let n be any of the infinitely many integers for which n > 6(n) [8, p. 67] . Put r = s = n\. Then log m = 0(n) < n, yet x^5 is not ^"-universal since xr and ys are trivial for all x, y-G yl".
Proof of Theorem 3. Assume that xrys is not ^"-universal. We will first show that log m > n/2 if n s= 29. Write x = n/%. Then 
